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LONGITUDINAL AND LATERAL STABILITY AND
CONTROL CHARACTERISTICS OF VARIOUS COMBINATIONS OF THE
COMPONENT PARTS OF TWO CANARD AIRPLANE CONFIGURATIONS
AT MACH NUMBERS OF 1.41 AND 2.01

By Cornelius Driver
SUMMARY

An investigation has been conducted in the Langley L4- by L4-foot
supersonic pressure tunnel to determine the aerodynamic characteristics
in pitch and sideslip of a generalized canard airplane model. Two wings
of equal area but differing in plan form were investigated. The model
was equipped with a trapezoidal canard surface with an area 12 percent
of the wing area, a low-aspect-ratio vertical tail, and twin ventral fins.

The interference effects of the canard wake on the wing result in
1ittle or no gain in the total l1ift at a Mach number of 1.41 but at a
Mach number of 2.0l a substantial portion of the canard lift is retained
with a resultant increase in total 1ift. Because these interference
effects of the canard wake appear to be concentrated near the leading
edge of the wing, the proper location of the wing leading edge with
respect to the center of moments may result in a substantial increase in
the moment increment provided by a canard surface even though the total
1ift provided by the canard is small. For these configurations the trap-
ezoidal wing retained the most 1lift and had the largest favorable moment
increment produced by the canards.

The canard configurations have the same characteristic decrease in
directional stability with angle of attack as most conventional high-
fineness-ratio supersonic configurations. Although the presence of the
canard surface caused a small increase in the directional stability at a
Mach number of 1.41 for the delta-wing configuration, the presence of the
canards resulted in small decreases in the directional-stability level at
a Mach number of 2.01 for both wing configurations. A canard deflection
of 15° provides an increase in the positive effective dihedral approxi-
mately as large as that provided by the presence of the vertical tail.
This effect of canard deflection might complicate the lateral-control
problem in the case of a rolling pull -up maneuver.



INTRODUCTIORN

The initial results of a research program at the Langley 4- by
L4-foot supersonic pressure tunnel to determine the aerodynamic charac-
teristics of generalized canard airplane configurations at supersonic
speeds are reported in reference 1. Results at high subsonic speeds
are reported in reference 2. Some effects of canard size on the aero-
dynamic characteristics at supersonic speeds are reported in reference 3.
A comparison of the stability and control characteristics of a delta-
wing configuration with combinations of trailing-edge flaps and canard
controls is presented in reference 4. The present report presents the
results for two complete models and various combinations of their com-
ponent parts at combined angles of attack and sideslip at Mach numbers
of 1.41 and 2.01.

SYMBOLS

The results are presented as force and moment coefficients with
lift, drag, and pitching moment referred to the stability axis system
and rolling moment, yawing moment, and side force referred to the body
axis system. (See fig. 1.) The reference center of moments was at
body station 25 which corresponds to a location 17.8 percent ahead of
the leading edge of the wing mean geometric chord for the trapezoidal
wing and to a point 7.75 percent behind the leading edge of the wing
mean geometric chord for the delta wing.

C Fy,
Cy, 1ift coefficient, —=
gs
Cﬁ approximate drag coefficient equal to Cp at zero sideslip,
1
D
aS
Cnm pitching-moment coefficient, EXE
qsSec
. C My
Cy rolling-moment coefficient, -—-=-
qSb
Mz
Cn yawing-moment coefficient, —=—

qSb



F
side-force coefficient, JSE
q

1ift force

drag force
moment about y-axis

moment about x-axis
moment about z-axis

side force

lift-drag ratio

free-stream dynamic pressure

wing area including fuselage intercept
span

wing mean geometric chord

free-stream Mach number

angle of attack of fuselage reference line, deg
angle of sideslip of fuselage reference line, deg

deflection angle of canard with respect to the fuselage
reference line, positive when trailing edge is down, deg

oC
directional stability parameter, S—E

op

effective dihedral parameter,

oCy
side-force parameter, ——

op



CL@ variation of lift coefficient with angle of attack

CmOL variation of pitching-moment coefficient with angle of
attack

Subscripts:

s denotes stabiiity axis system

max denotes maximum

Configurations:

By body shown in figure 2; body coordinates given in table II

Wy trapezoidal wing shown in figure 2(b); geometric character-

istics given in table I

W2 delta wing shown in figure 2(b); geometric characteristics
given in table I

Cu canard surface shown in figure 2(c); geometric characteris-
tics given in table I

Vl vertical tail shown in figure 2(c); geometric characteristics
given in table I

Uy ventral fins shown in figure 2(c); geometric characteristics
given in table I

MODELS AND APPARATUS

The model details are shown in figure 2 and the geometric charac-
teristics are presented in tables I and II. The body of the model had
a fineness ratio of 10.57 and consisted of a parabolic nose faired into
the frustum of a cone which was followed by a cylindrical section. Coor-
dinates of the body are given in table II. The delta and trapezoidal
wings (fig. 2(b)) had hexagonal sections and aspect ratios of 2.31 and
3,00, respectively. The canard surface (fig. 2(c)) also had hexagonal
sections and the ratioc of total canard area to total wing area was 0.12.
The canard deflections were set by remote control. The model was
equipped with a low-aspect-ratio vertical tail and twin ventral fins.
(See fig. 2(c).) Photographs of the models are presented in figure 3.



Force measurements were made through the use of a six-component
internal strain-gage balance. The model was mounted in the tunnel on
a remotely controllable rotary-type sting. The sting-angle range was
varied from -4° to about 28° at various roll angles from 0° to 90°.

TEST CONDITICNS

The test conditions are summarized in the following table:

Mach number . . « ¢ ¢« v ¢« + & « o o ¢ « & o 0 0. 1.41 2.01
Stagnation temperature, °F ., . . . . . . . . . . 100 100
Stagnation pressure, lb/sg ft absolute . . . . . 1,440 1,440

Reynolds number based on € of delta wing . . . 3.2k x lO6 2.68 x 106
Reynolds number based on & of trapezoldal 6
VINE o e T L 25k x 105 2010 x 10P

The stagnation dewpoint was maintained sufficiently low (-25o F or
less) so that no condensation effects were encountered in the test sec-
tion. The angle of incidence was corrected for the deflection of the
balance and sting under load. The Mach number variation in the test
section was approximately +0.01 and the flow-angle variation in the
vertical and horizontal planes did not exceed about +0.1°. The base
pressure was measured and the chord force was adjusted to a base pres-
sure equal to the free-stream static pressure.

The estimated maximum variations in the individual measured quan-
tities are as follows:

T N NN IR +0.0003
' +
CD e +0.001
Cm o ¢+ o = o o o 4 e s e e e e e e e e e e e e e e e e e s +0.000k
O T I +0.0004
O +0.0001
Cy - { O ¢ 03 55)
¢ 1Y - *0.2
< LY T .. +0.2
Bos QBB o« o b e e e e e e e e e e e e e e e e e e e 0.1



RESULTS AND DISCUSSION

The order of presentation of the results is as follows:

Figures
Basic longitudinal results .« . & v ¢ ¢ 4 4 4 v 4 e 4 e .. . bk to 7
Incremental and estimated results . . . . . . . . . . .. 8 and 9

Longitudinal~control results for the configuration with
the ventral fins removed . . . . . . . . . ¢« ¢« ¢« ¢ ¢« « . .« 10 and 11
Lift-drag ratio comparisons . . . . . . . . . . . ... . . 12 &and 13
Longitudinal results in sideslip . . . . . . . . . . . . . . 14 and 15
Basic sideslip results, wings onandoff . . . . .. .. .. 16 to 23
Effects of canard deflection on characteristics in
s1desliP . v v v v e v 4 i 4 4t e e e e e e e e e e v . 24 and 25
Summary of sideslip results . . . . . . . . . « + + « . . . 26 and 27

Longitudinal Characteristics

The complete breakdown data for the trapezoidal-wing configuration
are presented in figures 4 and 5 and for the delta-wing configuration in
figures 6 and 7 for Mach numbers of 1,41 and 2.01, respectively. The
reference center of moments for both configurations is on the fuselage
center line at body station 25. It is recognized that this location
gives an undesirably high level of static longitudinal stability at
supersonic speeds. This position was chosen, however, as a compromise
between the longitudinal and lateral stability requirements for this
particular configuration.

Incremental results.- The incremental results for the BC-B and
BWC-BC configurations (fig. 8) were obtained as the incremental 1lift
and pitching-moment contributions produced by the canard and the wing.
The incremental results were obtained at corresponding angles of attack
and include the mutual interference effects between the 1lifting surface
and the body. As shown in figure 8, the canard contribution to 1lift
with the wing on is less than that for wing off; thus, there is an
adverse effect on the 1ift provided by that part of the wing in the
wake of the canard. The presence of the canard surface (6c = 0) at

M = 1.41 results in little increase in total lift for either wing con-
figuration tested. (See fig. 8(a).) At M = 2.01, however, a substan-
tial portion of the 1ift due to the presence of the canard is realized.
At both Mach numbers the delta-wing configuration has a greater loss of
1ift on the wing due to the presence of the canard surface than does
the trapezoidal-wing configuration. This effect, however, is not as
pronounced at a Mach number of 1.41 as at a Mach number of 2.01. The
greater loss of lift for the delta-wing configuration probably occurs




because more of its 1lift is in the inboard area which is most affected
by the canard wake. It should be emphasized that both wing configura-
tions tested have equal or greater 1lifts with the canard on than the
wing-body configuration. (See figs. 4 and 5.)

The incremental wing data (fig. 8(a)) indicate that the pitching-
moment nonlinearities shown at M = 2.01 (figs. 5 and 7) for the
BWC configurations result primarily from body effects since the contri-
bution of the wing in the presence of the body is reasonably linear.

At both Mach numbers the trapezoidal wing, which has less loss of
1ift due to the interference effects of the canard (figs. 8 and 9), has
an increase in the moment increment provided by the canard because the
interference 1ift (down load) does not act as far forward as that for
the delta wing and the interference-moment increments act in the same
direction as those provided by the canard. These effects on the moment
increment provided by the canard may be only partially explained by the
concentration of the induced loads on the inboard section of the wing.
As reported in reference 5, there may be a chordwise variation in 1lift
with the main interference effects concentrated near the wing leading
edge. On this basis it might be expected that the delta wing, which
has the leading edge of the wing closer to the canard surface and ahead
of the center of moments, would have the greatest loss of 1ift on the
wing and a decrease in the moment increment provided by the canard.
Thus it would be reasonable to expect that an increase in the distance
of the canard vortex from the wing surface would reduce the induced
down load on the wing but not materially effect the chordwise lift dis-
tribution. An investigation of the effects of relative wing height
behind & canard at M = 2.01L (ref. 6) indicated that a low-wing con-
figuration does retain more of the canard 1lift than a high-wing con-
figuration and that the increment of 1ift retained increases with angle
of attack.

Fstimated results.- The variation of 1ift and pitching moment with
angle of attack for the various component configurations were estimated
by the methods outlined in reference 7 and are compared with the experi-
mental results in figures 9(a) and 9(b). In general, the results for
the trapezoidal wing were in better agreement with the experimental
results than those for the delta wing. Although the 1lift estimates were
in good agreement for both wings, the theory underestimated Cmm at

M = 1.41 for the delta wing but overestimated it at M = 2.0l. Since
no allowance for the chordwise variation in lift was made in the methods
of reference 7, where the down load is assumed to act on the wing at

the center of pressure, the good agreement with experiment shown in
figure 9 for the trapezoidal-wing configuration (BWC) may result from a
fortuitous location of the wing leading edge with respect to the canard
vortex field.



Lift-drag ratio effects.- There was only a small decrease in
(L/D) oy from M =141 to M =2.01 for either wing configuration.

The complete delta-wing configuration had an (L/D)yg, of 5.95 at

M = 2.01 compared with the wing-body value of 6.8. TFor these tests
the delta-wing configuration had slightly higher values of (L/D)max

than those for the trapezoidal wing. The lift-drag ratios for the
various component parts of the model are shown in figure 12.

Ventral fin effects.- The presence of the ventral fins (figs. 4
to 7) have little or no effect on lift but are slightly destabilizing
in pitch and cause a small increase in drag for both wing configurations
tested. The presence of the ventral fins caused a small decrease in
(L/D)pax for both wing configurations (fig. 13). The longitudinal con-

trol results obtained with the ventral fins removed are presented in
figures 10 and 11.

Combined angles of attack and sideslip.- Conventional tail-rearward
configurations have sometimes shown significant variations of 1lift and
pitching moment with sideslip which have contributed to serious cross-
coupling difficulties in flight. However, for the tail-forward con-
figuration tested, there appears to be no serious effect of sideslip on
these paraemters for control deflections of 0° to 159,

Sideslip Characteristics

The basic sideslip data for several angles of attack are presented
in figures 16 to 25. For clarity, the basic model buildup data are
plotted for the wing-on and wing-off conditions for both Mach numbers.

Canard effects.- The lateral characteristics summarized in fig-
ures 26 and 27 indicate that at Mach number 1.41 (fig. 26(a)) the pres-
ence of the canard increased the directional-stability level for the
delta-wing configuration but decreases the directional-stability level
for the trapezocidal-wing configuration. There is little change in the
CYB results for either wing configuration. For both wings the presence

of the canards provides a negative CZB increment or an increase in the
positive effective dihedral.

At M = 2.01 (fig. 26(b)), the presence of the canards decreases
the directional-stability level for both wing configurations, the delta-

wing configuration having the largest decrease. The presence of the
canards at M = 2.0l provides a positive increment in CYB for both

wing configurations; however, no improvement in CnB is shown. A



decrease in side force at the vertical tail due to the presence of the
canards is consistent with the lower directional-stability level indi-
cated for both wing configurations. As at M = 1.41 the presence of

the canards provide a negative Cl increment.

The effects of a 150 canard deflection on the sideslip character-
igtics at M = 2.01 are shown for both wing configurations in figures 2k
and 25. In general, deflecting the canard 15° does not materially
affect the directional-stability level or the vertical-tail contribution
for either wing configuration. There is little or no effect on CYB

due to canard deflection for either wing configuration; this result is
consistent with the CnB results. However, deflecting the canard 15°

provides an additional negative increment in ClB approximately equal

to the negative increment provided by the presence of the vertical tail.
The increase negative values of CZB occur for both wing configurations

and apparently result from the effect of the canard wake on the leeward
wing panel since about the same negative CIB increment is obtained

whether the vertical tail is on or off. This effect of canard deflec-
tion on ClB might complicate the lateral-control problem in the case

of a rolling pull-up maneuver.

Effect of component parts for M = 2.0l.- The presence of either
wing plan form (vertical tail on) causes a sizable reduction in the
directional-stability level and in the vertical-tail contribution to
directional stability (fig. 27). The CYB results indicate only small

changes in side force at the vertical tail; thus, the decrease in the
directional-stability level due to the presence of either wing results
primarily from a center-of-pressure movement at the vertical tail.

For the trapezoidal-wing configuration the presence of the wing on
the vertical-tail-off configuration results in a substantial increase
in the directional-stability level above an angle of attack of 89. The
stabilizing increment is not realized, however, when the vertical tail
is installed. The presence of the delta wing on the vertical-tail-off
configuration shows a decrease in the directional-stability level above
an angle of attack of 15°. For both wing configurations the negative
increment in the side-force parameter CY (stabilizing) added by the

vertical-tail and ventral-fin arrangement decreased with increasing
angles of attack until about 18° where the presence of the vertical tail
no longer provided any increment in CYB. These side-force results are
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consistent with the directional-stability results which show a corre-
sponding decrease in directional stability with ilncreasing angle of
attack. The loss of the side-force increment provided by the vertical
tail and the subsequent loss of directional stability probably results
from adverse flow effects at the vertical tail.

Although the presence of the canard on the body alone has no effect
on ClB, the presence of either wing provides large negative CzB

values with increasing angles of attack. The presence of the vertical-
tail—ventral-fin arrangement with the wing off provides a large initial
increment in ClB that decreases with increasing angle of attack; thus,

the increment provided by the vertical tall reaches zero near an angle
of attack of 16°. The complete model (trapezoidal wing on) has a simi-
lar negative level of ClB (. = 0) which becomes more negative as the

angle of attack is increased. The effect of the wing is not as great
for the delta-wing configuration.

In general, the complete-model canard configurations have the same
characteristic decrease in directional stability with angle of attack
as most conventional high-~-fineness-ratio supersonic configurations. The
presence of the canard surface may be beneficial or detrimental depending
upon Mach number and the geometry of the configuration.

CCONCLUSIONS

An investigation has been made in the Langley 4- by L-foot super-
sonic pressure tunnel at Mach numbers of 1.41 and 2.0l to determine the
longitudinal and lateral stability and control characteristics of the
various component parts of a generalized canard airplane equipped with
either a delta-plan-form or a trapezoidal-plan-form wing. The results
of the investigation indicate the following conclusions:

1. The interference effects of the canard wake on either wing at a
Mach number of 1.4l results in the loss of most of the 1ift increment
produced by the canard. At a Mach number of 2.0l, however, a substantial
portion of the canard lift is retained.

2. Because the interference effects of the canard wake appear to be
concentrated near the leading edge of the wing, the proper location of
the wing leading edge with respect to the center of moments may result
in a substantial increase in the pitching-moment increment provided by
the canard even though the total 1ift of the canard is small.
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3. The canard configurations have the same characteristic decrease
in directional stability with angle of attack as most conventional high-
fineness-ratio supersonic configurations. Although the presence of the
canard surface caused a small increase in the directional stability at
a Mach number of 1.41 for the delta-wing configuration, the presence of
the canards resulted in small decreases in the directional-stability
level at a Mach number of 2.0l for both wing configurations.

L. A canard deflection of 15° provided an increase in the positive
effective dihedral approximately as large as that provided by the pres-
ence of the vertical tail. This effect of canard deflection might com-
plicate the lateral-control problem in the case of a rolling pull-up

maneuver.

Langley Research Center,
National Aeronautics and Space Administration,

Langley Field, Va., July 10, 1958.
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TABLE I.- GEOMETRIC CHARACTERISTICS OF MODEL

Body:
Maximum diemeter, in. e e e e e e e e e e e e e e e e s 3.50
Length, in. e e e e e e e e e e e e s e e e e e e e e e 37.00
Base area, sq in. e e e e e e e e e e e e e e e e e e e e 9.582
Fineness ratio + v ¢ ¢« ¢« ¢ v 4t e s 4 e e s e e a4 e e s e 10.57

Trapezoidal wing:

Span, in. - e e e e . e e e e e e e e e e e 25.72
Chord at body-w1ng 1ntersect10n, N 6 o v v 6 v e e e e e . 13.25
Area, 5@ Tt . + v v v o 0 e b e e e e e b e e e e e e e e e 1.5%
Aspect Tatio . . . 4 . 0 e h e e e e e et e e e e e e e s 3
Taper TAEI0 ¢« « « ¢ 4 4 o v v 0 e e e e e e e e e e e e e e 0.143
Thickness ratio . . . e e e e e e e e e e e e e e e 0.0k
Mean geometric chord, in. e e e e e e e e e e e e e e e 19. 184
Sweep angle of leadlng edge, deg . .+« 4 4 e e v e e a e e s 387 LO!
Sweep angle of trailing edge, deg . . . e e e e e s -11° -8
Leading-edge half-angle, normal to leadlng edge deg . . . . 5
Trailing-edge half-angle, normal to trailing edge, deg . . . 5
Delta wing:

Span, in. . . . . 22.56
Chord at body-wing intersectlon, 1IN, v v vt e e e e e e e 16.51
Mean geometric chord, in. e e s e e e e s e e e e e s 13.027
Area, 8q £ . . ¢ v ¢ ¢ 4 v e e i e e e e e e e e e e e e e 1.53
Aspect ratio . . . . ¢ . . . o o L o s e e e e e e e e e e 2.31
Taper ratio » « v v ¢ ¢« v 0 et e e e e e e e e e e e e s

Thickness ratio . . .« « + + & e e e e e e e e e e e e e 0.0%6
Sweep angle of leading edge, deg .« .. e e e e 60
Leading-edge half-angle, normal to leadlng edge deg . e e 5
Trailing-edge half-angle, normal to trailing edge, deg . . . 5

Canard;

Area, exposed (each canard), SQ IN. . . « + 4 4 0 e e e e s e 6.742
Span, exposed, In. . . . . ¢ . 0 4 oo e e e e e e 2.25
Mean geometric chord, in. e e e e e e e e e e e e e e e 3.33

Vertical tail:

Area (exposed), 8@ £t ¢ v ¢ v v v v 4 v e v e e e e e e e 0.279
Span (exposed), in. e e e e e e e e e e e e e e e e e e 4,25
Aspect ratio . . . e e e e e e e e e e e e e e e 0.439
Sweep of leading edge deg e e e e e e e e e e e e e e e TO
Sweep of trailing edge, deg . « . . « « ¢« « ¢ 4 o o s . . 013
Section . . . e et e e e e e e e e e e e e e e e e 5/16 1nch slab
Leading-edge half-angle normal to leading edge, deg . . . 5
Ventral fins:
Area, each fin, sq ft . . . « . « . . o 0 o 0o e 0 e e e 0.13
span (exposed), in. e e e e e e e e e e e e e e e e e e 2.25
Aspect ratio . . . . . 0 e e h 0 0 0 d e e e e e e e e e 0.271
Sweep of leading edge, deg . . « . v « 4 e 4 v e 4 e e oo 60
Sweep of trailing edge, deg . . . . e e e e -77° 30"
Leading-edge half-angle, normal to leadlng edge deg .« e s e 5

Trailing-edge half-angle, normal to trailing edge, deg . . . 5
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TABLE II.- FUSELAGE CORDINATES

Body station Radius
0 0
.297 .076
627 .156
.956 233
1.285 .307
1.615 .378
1.945 RIS
2.275 .509
2.605 573
2.936 627
3.267 .682
3.598 .732
3,929 . 780
4,260 .824
4,592 .865
4.923% .903%
5.255 .9%0
5.587 .968
5.920 .996
6.252 1.020
6.583 1.042 ] Conical
18.648 1.75 }section
37.000 1.75
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Relative wind

Relative wind ——————>

(a) Stability axes.

Figure 1.- Axes systems. Arrows indicate positive directions.
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Relative wind

Relative wind

(b) Body axes.

Figure 1.- Concluded.
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(b) Details of wings.

Figure 2.- Continued.
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(c) Details of the canard surface, ventral fin, and vertical fin.

Figure 2.- Concluded.
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Figure 4.~ The aerodynamic characteristics of various components of the
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Configuration
B W, CaV Ul
B, W, CaV,

B, W, Cq

B W,

By W \ Uy

B Ca M Uy

B, C4

B

T

a, deg

Figure U4.- Continued.

23



24

H:itthH

i

i

il

:.m
2
5

30

a, deg

Concluded.

Figure 4.-



25

4B

Configuration

Figure 5.- The aerodynamic characteristics of various components of the

2.01.

M=

trapezoidal-wing configuration.



26

liﬂl 'iifi 'ii! i i
iifhsu!‘!fi!‘ i
aﬂﬁiﬁmﬂilﬁ-iﬁl‘f‘lﬁld it

Wt e e R et i

’Hﬂ!!Iiﬂ#ﬂi!i!ﬂ!i!lliﬂi!El%li!iiliﬂﬁillﬂi!,,

imlgmllgmI[!h!l!!h;:‘l’E‘;ills,‘ I .i:
! R ﬂﬂﬂi R Y
A e e
B Eﬂi!lﬁiBﬂﬂiuiIiﬂlIﬁililiillﬂﬂ‘liﬂ:l!!l’lﬂi’ﬁ!iﬁﬂll‘ idi!ﬂiﬂ‘iiﬁ!ﬁ!ﬁ
iiih il e i il i
10 it ﬁﬁiﬂﬂ!Hiliiiﬂ’lﬁ!i!iﬂ'iﬂlliﬂ!lIliﬂt!ihlllhiiimliiiiﬂii¥|¥i¥ﬁiiﬂﬂ!liﬂ!
i Hﬂiﬁﬂiﬁiii&!iuiﬁiliﬁ=siii!!ﬁﬂH!H!hiliisﬁ.ﬁﬁﬂﬂillﬂ%ﬂﬂiﬂﬂiﬂﬂﬂlﬂi

xiiiﬂ G Rl
“’ﬁ ‘S.: Jn Eﬂhii ii B
i i}

i
i iigii

!
8 i LA T A
ElfIHiRE il iiliili e
HIEE il l*ﬁﬁim!%i’at tsi%li‘lﬂ*!!ﬁllilililtﬂ!iiihiiiﬁiﬂi
I ;ﬂ ﬁ‘ ﬂﬂi *fi' L il
7 iiﬁ i g i i IR k| iﬂ uarw itl!ﬂi!"'il‘*‘iii!illﬂlﬂll‘HE‘I!H
fild ! il T T
.ﬁ!!!ﬁ;i! i!,ilxugh.!!il NI
5 sl O W
?iii*iﬂ‘ﬂﬂ"i fiii mzztmuuw SRR OO AR R
i T ﬂi i il BT A T R M R R
i s it R A AR L
i R IR LRI DA R R
c e SRR LRI !'iﬁl“lil!ll'l!"!I*!lllili'iﬁillll
L amm.sik'i!, T It
HERLHIL] M
4 A R i A
Hil i mimmm,mm.,ﬂm i‘mﬁﬂItii.hd‘ﬁlihﬂhi!iﬂd hihhl‘iiiiiiiuﬁl
R is’éhm
3
2
| b L e e e B
of 0 T s
A A . 4 il mltiiﬂﬂ‘lltlﬂiﬁ!;!ﬂiitdii

i
R iﬁiilliiil!iiﬂ!ﬁﬂﬁiﬂihiiﬁiiﬁi IR

N e e B R

-8 -4 0 4 8 12 16 20 24 28 32

a, deg

Figure 5.- Continued.



Configuration
W CaV Y
W, Ca V| ‘
W, Cq4
W
Ca M Y
Ca V|
Ca

a, deg

Figure 5.- Concluded.

27



28

'24H

Configuration i
B Wz Ca ¥y U
B, W, Cu VY
Wa
B, Wo Vj U,
B, C4 M Y

S seasoes ses

=+
T
pimE

=i
>R Do & 0OCO
L

Bt i ﬁi
08 ki { fl %” szm ml
HE [N
. ~ T
Cm H i ; i 4 ;ﬂﬂﬁf
iy T bl R E ; 33 B B v i
04 1 T S T IR i HT
L i et H
i % M ; ,jii i
™ o 1 il
3h ithiid
0 1 byl
|
I ity
: i

[
o
@
Ze
s

i

a, deg

Figure 6.- The aerodynamic characteristics of various components of the
delta-wing configuration. M = 1.41,



Configuration

BI WZ C4 Vl U| i

B, Wp C4 V|

B, W, Cq

Wo

B, Wo V| U

B Cq Vi Y

>PDDoe &0 CO
o

a, deg

Figure 6.- Continued.

29



4

il
4}
i
i

i
10

i 1 1
S
3331

it
ik
1
13
H
i
i
%
3

T

i 48

BRI

i
b £1
iguration

o w.w.i > :}gf i

Wo CaVi U,
W2 Ca V)
W, Cq

Wz

i
|
onf

30

C

o B
2O B
0O B

mmm
E":d!

: '.ﬁ' .ié%::.. ..%

il

}

m. H
it
)il

-

i

- ?ﬂ::
i
i

20 [t
i
i
il

HHHHHHTH
%

Hit
it

30
28
26
24
22 et
18
16
14
12
10
08
06
04
02

Figure 6.- Concluded.



il

Q
Q
i
<
1o
O
O

Configuration

By
B,
B,
B
B
B,
B

W, CqVp U
ﬁ-

W, Ca V)
W, Cq
w2

W, vy U,
Ca M Y
Ca Vi

a, deg

31

Figure 7.- The aerodynamic characteristics of various components of the

delta-wing configuration.

M= 2.01.



30

i
HELE

P DD DO DCO

Configuration

By Wo Ca Vi Upi

B, Wy Ca V|

QEEEE&Q

B| Wz C4

Bl Wo

:

B, W,V U

B Ca M Y

B| C4 V|

B, Ca

B

Ko

4 8 |2 3]
a, deg

Figure 7.- Continued.

20

24

28

32



5B

Configuration

Wa CaVy Uy
WaCoV, I

Wy Cy4

Ws

Wo Vi Uy

Ca W Yy

Cq V,
Ca

a, deg

Figure 7.- Concluded.

35



3L

=22

M=14]

snin

AC

04

BC4 —B

——— BW, C4—BW,

e — BW2 C4—BWZ

ACm .08

04

-4 o 4 8 2 16 20

a, deg

(a) Canard increments.

Figure 8.- Incremental canard and wing results.



35

P I IR 2R RIS IR Iy 3 4 IS 2ERRI R o}
M ML IEERS yvir 1 -1+ 13
! T T R e st 20 - hafead it Y 1 IEES REOEE & b
g ¥ 50 SO P PO TN It b T vadasrafeas 11
128 T I222t pegpeanay T T T 1 +
; _ N e =
ST 3 = fon FIES: DRELE IS8 E2e!
SITITITEL 1ETRI SEESS m @D 1 T T T Y
: b3 B B 55 : feEss SRR
i 1o | | e
2 TS ST T iee! 4».% S ESTEL BT : it
(] L
e o z BT ek
H 1 o= ?
FEHEH 0 T
T H =T s pans: : +
I 13322 53 1 1£38 P22 IEEEetES e 99¢ o531 .
1223 13, 251 PPPe! $20 ot 1 be Saas:
e X - -
: _ X o3RS 18330 pey : : B SEE3T cEos® { :
1 il nd
fen: TH LhE
b SEeEEEeny _ _ S EITE: Peopy sees !
$Sees sssss secensssey T TR TR i
1 :
! 88 T !
PETEE IR 20T h V4
O [EoiishsrEEs Wi 3
o ¥ : -
-+ siredaas - +
a2 , T e eaet,
L] g5t SETTY SRR X
= X
wy pos T
1S3 32T TPeY b St IS 2en) T
s Test: sossecey :
T 3533 IEEN: 3 r :
T ISETE IR Y T 1 .4: T
i ss N 35 i508: 1o8]
FEit cEees Seoys e =ih
+ T pas
SESERETRRESaERS T 2 ETSET IR %
1 e o e
e 22204 =T
e
: TR ehs B
il T S SELET:
I ERFREps SESEE BE = 4
IEgas Empey fongs Jove, nh
i - P taTe
1 Inegs
< Phe agey T
i boed s
it H
nah Eot:
: Hai i
I 2 ERRRRRRER: M jwuve sy : e
frivrprii e bavedigay 1 pe e e DO
i ; : i T

16
12

16 20 24

2

a,deg

(a) Concluded.
Figure 8.- Continued.



36

-04

-08 E

04

=32 K

T
;
i
+ T H BW| C4—‘BC4
- —_— BWZ C4——BC4
E ——B8W —B
—--— B W, —B
;
i H
:
;
t H H]
: ;
r : : H
; i + H
i : H
T H
1 s
! H N
.lj:’ H Hik 3 H
I : H
i 4 :
L 25
: i i i 3!
H
:
;
i i 1
R ! :
T : 3
!
i 8
b ; 33!
i 3 H é‘

a, deg
(b) Wing increment. M = 1.4l.

Figure 8.- Continued.



37

a, deg

= 2.01.

Continued. M

(b)

Figure 8.- Continued



24

20

16

2

a, deg

(b) Concluded.

Figure 8.- Concluded.

;
< T
oo
T
_ hi
B T
< 4B ﬂv
Qo | r e
_ N NG
== NS
mmoo e
N
—_ NN
]| S R
' 3\ A,
_ | | ) N
_ = HoAmay XN
1 T Imf
: : XS
Ehi
N A
nlns TN m
: 1 ,M,“
O
i SN
854 TR ]! T 3 :
S R R e i : uf/ :
K 5 i et 5 SR S i RO
SErad D N g SRR Al SO 1 /1
oS S b N

32F

38

28
24
20
16
12
08
04

AC|




39

(*umop 98ps FUITTeL} ‘UOTIOSTISP PIBUED oGT @30usp sToquis Pa83eTd)
*Tepou ayy3 Jo sired quauodwiod snoTJBA JO U21Td UT SOTQSTJIS90BIBYD OTWRUAPOISR SYJ -4 2aINITJq

T =W ()




o)

*pPSpNTOU0) -6

‘T0*e = KW

ERuba iy

..:_
[opozados |




6B

(a) ‘M = 1.41,

Figure 10.- The aerodynamic characteristics of the trapezoidal-wing
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Figure 11.- The aerodynamic characteristics of the delta-wing
configuration with the ventral fins removed.

k5



L6

30 }gﬁﬂﬁﬂ!ﬂHIEIHIEIHEllﬁlgiiﬂiﬂiiﬁ‘ﬁﬂi‘!é"§!¥§i§uﬁ

1 e A
ﬂ!ﬂ!lﬁlﬂ|ﬁiﬁm|i§l§fiﬁ'§ﬁ§lm§u i

Ml A R
I R
L R
L Hli]’iﬁiE’Iﬁli‘uﬂiiﬂﬁmilﬂlliﬂiiﬁlﬂ
fiziliﬁi’!'i’iii Sl ﬁl*!!'if!ﬁ'ﬂ!m!*‘" iiﬁi,lﬁllﬂlﬁﬂﬂilil‘
il Hﬁiﬂiﬁ! ! e iﬁlﬁ!
i’ﬁﬂiﬁlkﬁg i ifi ﬁll

I
!l!ﬂ!ll!ﬂllﬂlﬁliﬁ“?iﬁi@ﬁi?’iﬁ i
.26 [ e m i ﬁﬁ
Elﬂlllﬂﬁll.llﬁ!!ﬂfﬁllidii"ﬁlhﬁ i

zﬂi !li‘ﬂiﬂﬂﬂ!

E il HEIRI!
'ﬁi’ﬁ' [
24 [

il A 'iﬁﬂ‘hirllﬁlﬁ!iﬁlﬂ!lﬂllﬁlﬂllﬂ
i R R i e ) S
i SRR iﬁﬁmiﬁi’ﬁﬂﬁlﬁliﬂ iRl
T iii il Hliiliﬁli!HﬁliillﬁlﬂlﬁﬁEﬂﬁﬁﬁlﬁﬁiﬂlﬁiiiiﬁ:ﬂiﬂiﬁiﬁii iR R
i sm;rsmusmmmsmﬁ:§§E§Z£Eii§i§E=Eiﬁﬁﬁjiéﬁiiiﬁ"%*fiiiﬁ%%i%EE?%%E%{?E{%‘fé}"“’* “'%ﬁff5"’%’%%BEE*"’*"*""““%E%’?*!“““"“"““"
| i i
“!!.!!ﬁ.éliflgli i!if'ii W A A Eiiﬂiﬁlﬁﬁﬁ R HRE R R LAY
IS !'!i!ﬁ!!ﬁ!l“l R A A Y
R !iili"ii‘E‘E"ﬁﬁiiﬂiﬂﬂﬂlﬁﬂﬂli!llﬂ!lﬁlﬁlliﬂl!i
I ﬂliﬂlﬁliﬁlmliﬂlll‘iiiﬂiitﬁﬁliiilﬁdi R R
I‘!!!!!lﬂliﬁiﬁ ﬁﬁﬂﬂi‘i‘illﬁuﬁl i= ﬁinﬁiiiiiﬂ“!xidﬁi’ﬁ’i ‘ﬁ' L ﬁﬂii’!i'iﬁiiﬁin
il i 5§Hs ﬁ’iﬁiiiiﬁil'ﬂ"
i 3! ﬁﬂﬁ ii& iiiiﬁf il i ﬁllﬂlﬂlll!llﬂﬂ
&‘riiﬂiﬁlﬁlﬁﬂﬂiﬁllﬂl!imlli!lIi!liHI!!Ilﬂlﬂllil!liiﬂ!%“iﬂi“iﬂliﬁllllillﬂllﬂﬂiilﬂmlﬂlﬁl
i SRR A e e R
i lﬂiﬂﬂllIlllllﬂilllllllllllIl!llmﬂllllﬁlﬂil!il!ﬁ!i|¥El!ﬂii|?iillﬁmliﬁlﬁlmﬁﬁi IR
R R s e R R R
i f!‘H'!QE’iﬂiilliﬂllﬁlﬁlﬂﬂlﬂlﬁl lllii!!iiiK!l’tliil!ﬁllﬂlﬁllﬁllﬂli
!E'lﬁ L !ﬁ'ﬁsiiiiﬁ!liiiliiiﬂl!ﬂﬂ"l’ Al
il e s S R t!llﬂllliﬂllﬂlﬂllﬂ!
lllﬁlgllﬂlﬂliﬂlmlii!ii'!!!!ﬁ!ﬂ'Iﬁ'ﬁliiillﬂliﬂiﬁlﬂllﬂ?liﬂiﬁiﬂﬂﬂlﬁlllllﬁllﬂl!lllﬂlmlﬁlli!lﬂlmllmlllﬂlﬂlllﬂllﬂlmllllﬁliﬂllﬂ'd sl RIS HE
HHIBII glm e .ﬁlﬁl.!ﬂii!lmlﬁ!!ﬁ‘ﬁi!ﬁ fil giﬁlﬁ!ﬁlﬁllﬁllmlﬁllﬁl lﬂﬁﬂlﬂlﬂllﬂilﬁlmlmlﬂlsﬁ AT
I !12’%!!!! I3 A At et e e A AR A A
14 i A i ;Jf!ﬁmiﬁhﬁiiﬂiklﬁlli LEE Ilﬁllﬂ!iélﬂﬁﬂ'ﬁﬂﬂmIlﬁlﬁlli'di'f‘ A T
e
H i firi
i A I N !!iﬁﬂlﬁlﬁﬂﬁ!' llﬂﬂll'dllﬂlmlglllIllillllﬂlﬂllﬁl
Hi!l!ilii;! E*ﬁlliill!llﬁlﬂ!lﬂlﬂl!ﬂllmﬁliﬂﬂﬂ Rt A R
i ﬂlii!lﬂlﬁl i Iﬂllﬁlﬁllﬁilliﬂlmli’li!w ol H R BGE
R SR ﬁﬂliﬂﬂﬂﬁﬂﬂlﬁ BRI Iﬂllnﬂ.ﬂ’lmmﬂﬂﬂlﬂllﬂl
A T Rl RO A B
R iilliili[ilﬂﬂllilﬂlﬁllﬂiﬂllﬂlﬂllllllil!l!llIllﬂlﬁllﬂlli e R R R IR
AR R !ﬁ'iiﬁiEilliﬁﬁlﬁﬁi’llﬁ‘iﬁ!ﬂll HEE Hlﬂﬂﬁllﬂﬁﬂlﬂﬂml l'ﬂ"ﬂlﬁlﬁlll!!llﬂﬁilﬁ!l HEE
llﬂililliiliﬂiﬂliiﬁiiiiﬁ il i :ﬂﬁﬂﬁlﬁﬂillﬂ!lﬂlldiﬂ!ﬂllﬁ!mlﬁﬂﬁl’ Tl Iilllﬂl Bl
08 [ i A e '
B ) it ii'ﬁ!!ﬁik’ A R A R A g 2 ‘4lli!llﬂ!i¥l I i
HEHHHHE R i ﬁﬂimﬁl&!lﬂlﬂllﬂ Iﬂlllllﬁ ﬂﬂﬂlﬂ LR .iiiﬁilﬁﬂillﬁlmli!llﬁlﬁllﬂlﬂ A
Ii!llliﬁllﬂliElli!Iiimi!i!il‘i“iil"!!H!!i!"iil“! iR B R i Eﬁl HIRiHH lﬂ i
06 Hiili: iiii!!‘iﬂil!,iﬁiii,ﬁ‘iiﬁiﬂ!ﬁ!iﬁiliiiiGllﬂiﬁl‘liﬂﬁﬂﬂiﬁ!lﬂ!hl!ﬁiﬂlﬂllﬂl" Iﬂiﬁ'd‘;lﬂlﬂl A L AR ]
O % 0 O R O
!iﬁlglﬁﬂﬁlﬁ'!ﬂ!ﬁ!ﬁ!!ﬂ!ﬂiﬁiﬁliﬂﬂiﬁ ﬁlﬁi!!ﬂliﬂlIlliI!ﬂl!ﬁﬂﬂlﬂllllliﬂlillﬂlﬂ 0 e e
i ﬁiliuidﬁ!lﬂlii.lliliﬂli!li*lllf‘!iﬁ’i! l—- [lﬂlﬂ nll'!;lﬂ!vﬁ’dIﬂlﬁmﬂﬁ%lﬂﬂgﬁﬂﬂlﬂ!ﬂl i i
04 §§§¥§§§§1¥““*!Q!“‘“"'ﬂuﬁndiﬂ ﬂﬂ I Ilﬂﬂ”‘lﬂ' il
gl i N IH! !!!‘!iﬂl i !ilﬁI!ﬂlﬂlﬂlllﬂlﬂﬂﬂlﬂﬂﬁ!llgllﬂllﬁlﬂlﬂllﬁlﬂmmﬂlﬂlﬂl BT
sl I !llmllﬂllllllllﬂﬂﬂliﬂliﬂiﬂﬂliliﬂ!ilelﬁllﬂllﬂlﬁﬂﬁlﬂllﬂlﬂllﬁlﬂll

R I
Jl!i. Bl s s A R T
L e !i‘“!ﬂi.!lflﬂhlﬁll‘lliE!i!'Iiﬂiﬁ!ﬂﬂﬂifﬂﬂiihilﬁiﬁﬂﬂﬂlﬁllllllﬁllﬂlﬁllﬂl!i!ll!l!ﬂllﬂlﬂl
iiﬁlli!ﬁ!liiﬁﬂliEtlkiiiﬂﬂliiﬂﬁilk i lﬁl?ltllﬁlliﬂii 10O 0
.-
il
illﬂlﬁﬂﬁiﬁiglifiikiiﬁﬂiiiEIlEIIHIEleEilﬁlﬁl!i!!liE!IB!ﬁlﬁiliiﬁﬁl?ﬁlﬂﬁ !B!!ﬁ!li!!ﬂElli!lill!!!lﬂ%lﬂlﬂlﬂlﬁll B R

0—3 -2 - 0 1 2 3 4 5 6 7

m;

'%3 :E??g}ﬁiﬁliﬁiihlitﬁgg%i

I

! ! I ] ‘
e ﬁ.iﬁ:ﬁi‘ﬁiﬂdih!ﬁ! i
ﬁlli ﬁﬂﬁ'i"l&*ﬁ’i'i""' L ‘ll*iii*‘
ﬁlliﬂh lﬁ! i

R I
| lﬂ!ﬁ!ﬁ*’K!”ﬂ%’ﬂﬁ'!‘i"i'ii"ii"!i_!ﬁ
12 %gilﬂlﬂmgiiﬂiﬂ!ililgiliﬂﬂlﬁlmll!Ilﬂ!lﬂlﬂ

E?‘

02

CL
(a) Concluded.

Figufe 11.- Continued.



b7

M = 2.0l.

(b)

Figure 11.-

inued.

1

Cont



L8

(b) Concluded.

Figure 11.- Concluded.




L9

B

—

O

, deg

a

t parts of the

f the various componen

trapezoidal ~wing model.

108 O

12.- Lift-drag rat

igure

F



50

‘ O B, Wa2CaV U,
_ = : I‘ O B| W2 C4V|
5 q o B, W2
] e ¢ B WaVi U
+ : d By Cq4
e i & B
istt H M=14}
0
8 H
© = k-saﬂ i
4
L H { i o i3 dis
D } Hi K
2 :
g

I H
1
* }H
I} 4
T T 34
2 SitbiT: by S s

-4 o] 4 8
a, deg

Figure 13.- Lift-drag ratios of the various component parts of the

delta~-wing model.

12

20

24



51

1 4 : e T T T ;
} + : w 11 1 }gone }
3 s t
T
8 t
1 ¥ - s
7 ) TH
I3
7 7 ] 4
T
T 23288}
s
1 I
t
z
Hr
T T
T T
: 1
1 23 8 1
? o T
¥
1 .
1o ;
+ 8
133! R
1 o=,
" pogT e I
ST
g s 2o 28 258S 1
|9 T 3
I e .
4
™ {
1 1

20

16

12

B, deg

M= 1.41.

(a)

Figure 1l4.- The variation of the longitudinal characteristics with

ion.

t

igura

conf

sideslip of the trapezoidal-wing



52

o T sauasa T
T T ssaiasaiatsasy T _ T 7
T Tt 24 ot 381 t jus S0l ot 1 11
b+ J1R8E53 jg==tan! I [ ETITCo0s it 1 T I388as,
b 2 T b3 Hi
1 T
i 1 md ; :
: t
seyespzazzen ! 3 : =Y
ShSepge u 1 1
Hedr H
: e
H 9 1
- T ¥ 73
t 1 da et
H : : s :
- T T T 1 T
] ! :
b 1 ! S
t T ;
F , -
1t o “ T
: . i 1Y
} t t
1 e iy
H ; : b
1 i
}
T T T
+
111110317 $
1
T
H iy T
T T + T
i et i 1 e : ]
] T jenas - - ] 5a
i I ! L) 1 T I 3 1 L
1 ! Y ~HT
{ b : N T T 1T T
fess : . T faes oty = 151 Sssnppyanas
:
I
)

20

16

12

deg

B,

(a) Concluded.

inued

Figure 1l4.- Cont



55

2 SBpYY

12Ty
it

H

Ippes

S04 phaet

jus

Tt

deg
.01,

B

12
M=2

Figure 1l4.- Continued.




5k

T T
T
T
i H
i
T
7
Bs
¢
!
: Bes:
T
]
3
| H
1
Tt
i
HHHE E:
1
i 1 ; : -
;
ey s f bl
T +
; T
; [
i T
: e
3 : 3 B
: : ;
: e i
P it
b 2 _
i T
111! 313
: 5
4 1 :
i !
1 11
T i
H sseds 2
T
I
P :
&
ol
1 - .

28

24

20

16

2

B, deg

(b) Continued.

Figure 14.- Continued.



55

S3uaisaizaszsasss tar: : T T T
— poee M e :
i $333208H 5 5888538 8! G
5 5 1 : H
¢ OovoNOQ Eu : e
[ S - o
~ ) et 1 h bs 4337
Wl co AVA_ N9 EE a : Ity HiH A
[0 0] T T e e
S8a8e 9y _N j&1 e it HEEY
[ t Esoes! I3 = t
T T S SEeH 1 3531 2]
issssissss il sihiad L : i i : : Y
-y ]
e isdve ; : »v 1 o 3 :
1T ped Hbede * o o :
T + + - + - u_‘ e+
99980014 o T + L 2 _ M :
] t
seSweseRy: T ah) + + tr b DS Tpeps = e by
1 1 1 e A ‘8 =
i HIE T e R TR o) [ = i
ssmaE! } ot T T I3 !
e g

28

24

20

deg

B,

(b) Coneluded

14,- Concluded.

Figure



56

B, deg

M= 1.41.

(a)

Figure 15.- The variation of the longitudinal characteristics with

sideslip of the delta-wing configuration.



57

IB

B S e e ML)

TR

B, deg

= 2.01.

M

Figure 15.-~ Continued.



58

omn ne T T
T T : 33 ae
1 oa e
' ams
1
g8 i T
HH
HH 3
i = oY
sisss 04826221
aliad - - 1 r
S o s 58 1
b O ¥ e
] '
o o D O 3 +
sp8% : 1
..... = : ! : +
ok t
H o i : F
B4 =+
Hi @ i
R "
BH .
sanas | T
it T
" |
: 1 i
r " s
!
T 1
} i
it
T
L a3 S
. : imens HHH
t
T
t
g T
<+ 7
t
oy T T
8¢ T
T : e
esssass e
T 3 ne -
: t T T
T T
j=s ok :
t 1
- T T
L 1 e e 1
T Tt T 1 : ’t 1
h
I
T - T
4 1 o t 4] o g paa
Eaes oy Sepenopbey pumy : Segve
T IT T + .
1 t T =i T T peett
fort T : T
1 il I JEIILT i I v
it S i R S R e
1 b R2e o -~ 1
1 I ihad 8
" t T t
T ) Suay + s pe
. 1) Db B T 1 : T ;o
ps o Y r MM 53 : 1
1 1 ~ SUid Febl »q ety
. vy : mmmaes
T : e I " =
ik e SnEREmEe =5
....... Tt he b T
T Fret SRpe T + o0es co £
yy - T ;s pog jaass Jo gpigs suses of amt T
=t Iy 53 fats 25 T 1 1 8
i 2% £p8 JagE e 1 [ 53
k 1 T 1
T panaces - - = e POR D! B0s 008 1225 s
: oy e b8 } e pepw 2 s d o
=

28
24
20
16
12
08

20 24 28

16
B, deg

12
(v) Concluded.

Figure 15.-~ Concluded.




Configuration

° 8§ i
O B Cq i
B Ca V| U

(a) o = 0°.

Figure 16.- The aerodynamic characteristics in sideslip of the
trapezoidal-wing configuration. Wing off; M = 1.41,
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Figure 17.- The aerodynamic characteristics in sideslip of the
trapezoidal-wing configuration. Wing on; M = 1.41,
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Figure 20.~ The aerodynamic characteristics in sideslip of the
trapezoidal-wing configuration. Wing off; M = 2.01.
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Figure 21.- The aerodynamic characteristics in sideslip of the
trapezoidal-wing configuration. Wing on; M = 2,01.
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Figure 24.- The effect of canard deflection on the aerodynamic charac-
teristics in sideslip of the trapezoidal-wing configuration. Flagged
symbols are for &, = 15° and M = 2.0l.
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(a) a = 0°.

Figure 25.- The effect of canard deflection on the aerodynamic charac-
teristics in sideslip on the delta-wing configuration. Flagged
symbols are for &g = 15° and M = 2,01.
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